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ABSTRACT 

Summary 

The present invention relates to a method for managing copy 
protection information of a high-density disk. Information 
indicating whether copy protection information (CPI) is recorded 
in a PIC area of a high-density optical disk such as a BD-ROM is 
recorded in a specific area allocated before a location where the 
CPI is recorded. Therefore, a disk device refers to the information 
before data reproduction, and does not conduct a CPI detecting 
operation if CPI is not-written. As result, a disk device can start 
to reproduce data more quickly. 
Key Figure 

Figure 4 
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SPECIFICATION 

Title 

METHOD FOR MANAGING COPY PROTECTION INFORMATION OF A 

HIGH-DENSITY OPTICAL DISK 

Brief Description Of The Drawings 

FIG. 1 illustrates the structure of a Blu-ray Rewritable disk 
(BD-RE) ; 

FIG. 2 illustrates a high-frequency modulated (HFM) groove 
formed in the PIC area of a BD-RE; 

FIG . 3 illustrates the structure of a Blu-ray ROM disk (BD-ROM) ; 

FIGS. 4 and 5 illustrate embodiments in which information 
indicating whether CPI is recorded or not by a CPI managing method 
according to the present invention; 

FIG. 6 illustrates disk information in which CPI 
recorded-or-not information is included by a CPI managing method 
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according to the present invention; and 

FIG. 7 illustrates a schematic diagram of an optical disk 
reproducing apparatus capable of reproducing a BD-ROM in accordance 
with the present invention. 

Major Elements In Drawings 

10: optical disk 11: optical pickup 

12 : VDP system 13 : D/A converter 

Background Of The Invention 

The present invention relates to a method for managing copy 
protection information (CPI) in order to prevent main data such as 
A/V stream recorded in a data area of a high-density optical disk, 
e.g., a Blu-ray disk ROM (BD-ROM) from being copied illegally. 

Recently, the standardization for Blu-ray Disk Rewritable 
(BD-RE) , which is a new high-density rewritable optical disk capable 
of recording high-quality video and audio data for a long time, is 
in rapid progress. BD-RE related products are expected to be 
available on the market when the standardization is completed. 

FIG. 1 depicts the structure of a BD-RE, wherein a clamping 
area, a burst cutting area (BCA) , a transition area, a lead-in area, 
a data area, and lead-out area are disposed in order starting from 
the innermost circumference. 

The lead-in area comprises several pre-assigned areas such as 
a first guard (Guard 1) area, a permanent information & control data 
(PIC) area, a second guard (Guard 2) area, a second information (Info 
2) area, and an optimum power calibration (OPC) area. The Guard 1 
area and the PIC area are pre-recorded areas in which some initial 
data is pre-recorded, whereas the other areas of the lead-in area, 
the data area, and the lead-out areas are all rewritable areas. 

In the PIC area, important permanent disk information is 
encoded in a wobbled groove by high frequency modulation (HFM) . As 
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depicted in FIG. 2, the wobble-shaped data encoding is performed 
by bi-phase modulation. 

In the mean time, read-only Blu-ray Disk (BD-ROM) is also under 
development along with BD-RE. A BD-ROM comprises an inner area, a 
clamping area, a transition area, an information area, and a rim 
area, as shown in FIG. 3. A data zone of a BD-ROM may contain main 
data of A/V stream encrypted with CPI to prevent illegal copy. 

The PIC zone allocated in the information area includes the 
CPI and disk information (DI) recorded therein . A disk device detects 
the CPI written in the PIC zone at initial servo operation, and then 
decrypts encrypted main data in the data zone. 

However, in the event that not-encrypted data is recorded in 
the data zone of a BD-ROM, CPI is not written thereon. Nevertheless, 
a disk device conducts to detect CPI unconditionally at initial servo 
operation. Although such unconditional operation would cause delay 
of data reproduction, efficient method to resolve the problem is 
not proposed yet . 

Explanation Of The Invention 

The present invention is to solve the aforementioned problems . 
An object of the present invention provides a CPI managing method 
for a high-density optical disk that records, in an arbitrary 
specific area, information indicating whether copy protection 
information (CPI) is selectively recorded in a PIC area of a 
high-density optical disk such as a BD-ROM , whereby actual data 
reproducing operation can be started more quickly in case of a 
high-density optical disk where CPI is not written. 

A CPI managing method for a high-density optical disk in 
accordance with the present invention selectively records CPI in 
a PIC area of a high-density optical disk, and also records 
information indicative of CPI -recorded-or-not in a specific area. 

Another CPI managing method for a high-density optical disk 
in accordance with the present invention detects information 
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recorded in a specific area of a high-density optical disk, 
determines based on the detected information whether CPI is recorded 
or not, and selectively detects the CPI. 

A high-density optical disk in accordance with the present 
invention includes PIC recorded in a PIC area and information on 
a certain recording area, wherein the information is indicative of 
CPI -recorded . 

Another high-density optical disk in accordance with the 
present invention does not include PIC in a PIC area and includes 
information on a certain recording area, wherein the information 
is indicative of CPI-not-recorded. 

In order that the invention may be fully understood, preferred 
embodiments thereof will now be described with reference to the 
accompanying drawings . 

The BD-ROM in accordance with the invention comprises an inner 
area, a clamping area, a transition area, an information area, and 
a rim area, as described above with reference to FIG. 3. And, a PIC 
area allocated in the information area, as shown in FIG. 4, contains 
disk information (DI) , which is disk general important information, 
and CPI that is used to decrypt encrypted main data of A/V stream 
recorded in a data zone. 

If not-encrypted main data of A/V stream is recorded in the 
data zone, the CPI is not written. That is, CPI may be written in 
a PIC area or may not. Therefore, an information, e.g., 1 byte flag 
* CPI_rec_Flag' indicative of whether CPI is written or not is written 
in disk information (DI) that is written in the PIC area. 

The 1-byte flag is included in a piece of disk information, 
e.g., the first piece of disk information x lst_DI' among a plural 
pieces of disk information that is written before CPI location. 

In addition, the flag can be written in a BCA that is located 
before the PIC area where CPI is to be written, as shown in FIG. 
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5. For example, the flag is written as 1 byte or more in one of the 
reserved fields allocated in the disk information, as shown in FIG. 
6 . 

In the meantime, the disk information and the CPI to be written 
in the PIC area are encoded in wobble pit pattern, straight pits 
or mixed form. The CPI to be written in the PIC area is a key that 
is used to encrypt main data to be written in the data zone and it 
may be written once or several times in a specific area other than 
the PIC area. 

FIG. 7 illustrates a schematic diagram of a general optical 
disk reproducing apparatus comprising an optical pickup 11, a video 
disk play (VDP) system 12, and a D/A converter 13. The optical disk 
reproducing apparatus detects the flag ' CPI_rec_Flag' from the disk 
information included in the PIC area of the BD-ROM 10 or detects 
the flag from the BCA of the BD-ROM 10, and determines based on value 
of the detected flag whether CPI is written on not. 

If the flag indicates that CPI is written, the VDP system 12 
of the apparatus conducts detecting of CPI written in the PIC area 
and reproduces and decrypts encrypted main data in the data zone 
with reference to the detected CPI . 

If the flag indicates that CPI is not written, the VDP system 
12 of the apparatus skips detecting of CPI, and immediately 
reproduces not-encrypted main data in the data zone. 

The flag is written in the PIC area or the BCA in recording 
form that is not detected by a general copy operation. For example, 
the flag is encoded in wobbled pit pattern that can not be copied 
because the wobbled pit pattern is formed by disk authoring process 
in manufacturing. Therefore, illegally-copied disk can not have the 
flag, which means that flag-detection is used to determine whether 
a disk is original or copied. 

Although certain specific embodiments of the present invention 
have been disclosed, it is noted that the present invention may be 
embodied in other forms without departing from the spirit or 
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essential characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims, and all changes that come within the meaning and 
range of equivalency of the claims are therefore intended to be 
embraced therein. 

Effect Of The Invention 

The above -described method for managing CPI of a high-density 
recording medium records CPI-recorded-or-not indicating 
information in a specific recording area before a place where CPI 
is written. Therefore, an optical disk apparatus can skip detecting 
of CPI in the event that the CPI is not written, and immediately 
conduct data reproduction. 

What is claimed is: 

1. A copy protection information (CPI) managing method for a 
high-density optical disk, comprising: 

recording CPI selectively in a PIC area of the high-density 
optical disk, and also recording information indicative of 
CPI-recorded-or-not in a specific area. 

2. The method of claim 1, wherein the information is a flag 
that is written before a place where the CPI is written. 

3. The method of claim 1, wherein the information is a flag 
that is included in disk information written in the PIC area. 

4. The method of claim 1, wherein the information is a flag 
that is written in a BCA allocated before the PIC area. 

5. The method of claim 1, wherein the information is encoded 
in wobbled pit pattern such that a general copy operation can not 
detect . 

6. A copy protection information (CPI) managing method for a 
high-density optical disk, comprising: 
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detecting information recorded in a specific area of the 
high-density optical disk, determining based on the detected 
information whether CPI is recorded or not, and selectively 
detecting CPI . 

7. The method of claim 6, wherein, if it is determined that 
CPI is written, CPI that is written in the PIC area is detected. 

8. The method of claim 6, wherein, if it is determined that 
CPI is not written, CPI detecting operation is not conducted. 

9. A high-density optical disk, including PIC recorded in a 
PIC area and information on a certain recording area, wherein the 
information is indicative of CPI (copy protection 
information) -recorded. 

10. A high-density optical disk, including no copy protection 
information (PIC) in a PIC area, and including information on a 
certain recording area, wherein the information is indicative of 
CPI -not - recorded . 

11. The high-density optical disk of one of the claims 9 and 
10, wherein the information is a flag that is included in disk 
information written in the PIC area. 

12. The high-density optical disk of one of the claims 9 and 
10, wherein the information is a flag that is written in a BCA 
allocated before the PIC area. 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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^ ^£r, Jl^S- 1^32] 4A> tiVx] ^iL ^^ofl 
^5 31-8- f-^H <^^(BD-R0M)2} ^ -H'S-E. #^30] ^ o>o^| (pic) <g"^ofl 

3^.7} n] 7l^-5]o| JL^S- %^^EL°\] ^ ^} « 0 M ^£ 

3}^^- ^}^H1 <T 9XA 3<H, HH*I ^ ^*}* Jit} *!^r*}7fl ^ 

^Tfl 5^ *fl-f -fi-g-^r 
£ 4 

4*$ 1-^31 °1 i^^a(BD-ROM), 3q OKI*] (pic) ^ , 4*} «<M ^Ji 

(CPI), ^^3. 3Jj£(DI), ^ 1 t^M.(CPI_rec_Flag), al*HM(BCA) 
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ZL^£ fr]i£oj ^. A > tij-^j ^ji ^^a 0 v^ {Method for managing a copy 
protection information of high density optical disc} 



<i> £ l^r ^71^- 7>^tr -i-^-sflol c]i3(BD-RE)ofl cfltr ^3 

<2> £ 2^ ^71^- 7>^-tr #^31 °1 ^ia$l i)o>ol^(pic) <£<2H jl 

^S(HFM) ZL-f-tL# £A}tb 5Jo|^L, 
<3> -£ 3^ 7flA| ^-g- ^eflo] cl^3(BD-R0M)^l tfltr lE^ltr 3 

<5> £ 6^r -& ttf-E- -H^S. ^^3^1 4 A > y o V *l ^21 ^-el« 0 V^ofl S^sfl 

^^^^.7} ^7> 71^ C^H ^Jif ^oljl, 

<6> £ 7^- ^-g-s]^ tc)ia #*H1 cfltl- ^* £*ltr 
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<7> -M -g-ofl cfl<£ JjL;^ ^ 

<8> 10 : f^i3 11 : ^ ^ 

<9> 12 : VDP ^l^Efl 13 : D/A ^«:7l 

[*^3 ^-^1 

<io> -S- zfl^ t^^a.(BD-R0M: Blu-ray Disc-ROM)^ ^ 

i^5L ^^3.^1 C-flolEi ^^oj] A/V nflol C-flojEi^ TjLi£ 

4*>» ^1*1-71 3tr -S a£ #^3.^ Hj-xl 3iL ^£]«cHHl ^rtb ^°li=f. 

^^3.(BD-RE: Blu-ray Disc-Rewr itable)°fl ^t!: tt^s}- h^t^I ^l^l^^l 

<i2> *V^ ( ^-7) BD-RE^r, £ H SAltb «>i4 *fl^*fl #^ 

^ BCA(Burst Cutting Area) ^ , 3^*1 ^ 

(Lead-in Area)<>l *Hltfl5. €-7fl*M , e^el^ 9]^6\)^, $)o)&\ 

(Data Area) ^ e] = o>^- <^ (Lead-Out AreaH AA S^H*}^ 1i3 ^ 
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A. 

SEth ^-7] ^EL<y ^ ^ ofl ^ , *fll 7>o>j= (Guard 1) PICCPermanent 
Information & Control data) 3.£\JL *fl2 7>o>= (Guard 2) 

2(Info 2) ^ ^ 0PC(0pt imum Power Control) ^1 tl^sM aItt 31, 

^"71 7|-of= PIC <3<^, A>^ofl C^olEi7> TilBl ol^ ego* 

(Pre-recorded area)^ ZL 5-1 = °] #7l ^0]^ , 2E]l 

^7} slELo>^- <3<*^, Afl3.£ ^o1b]7> 7j) 71^-5]^ <3 « (Rewr i table area)°l^. 

HS]JL, ^7) PIC ^oflTr, H^5l^o> cjiaS] ^JS. ^ 

3iJ£l-°l 7l^ 7i^Tr ^AS^, JL^sj. ^ S (HFM: High Frequency Modulated) 
ZL^-«.7> ^ 71^-5]^ til, A oM HFM ZL^-ti.^, £ 2 oil £*ltr «}<2j- £o] f tifol- 

sIM^ ^S(Bi-Phase Modulated) «<HH ^^fl 7l^-£]<^ 7]^ 

tr^, ^71 BD-RE^l 7fl^-3if u^^, ^fl fe^Jl 01^ xfl 

S£ JI^JE %^\^3-, Ir^H ^ !-¥-elH ^^a(BD-ROM)^ £ 

3<H1 £^]tr w>^f ^1, °m (Inner) ^ , (Clamping) 
(Transition) ^ ^ , zi^Ji ^^.(Information) ^(Rim) ^ , 

^ <3<3(Data Zone HI 7}^^ A/V ±^0] nflo] c-flojEl^, ^-A>^ sr> 

7l W u oM 3-SUCPI: Copy Protection Information)^ 

(Encrypt i on) <H QzL^- dM^S. 7]^^. ^ 9XA. 

H^JL, ^7) ^2. iflofl ^ ^S\±r PIC ^SHfe, #71 -*-A> ^ 
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^4 ^Ai, a o > 7] PIC cg^ofl ^-a> tg-^i ^^.(CPI)» 4s ^ 

°l-§-^H, A o V 7| C-flolE^ cg^ofl oj-J^ 7 ]^-^ nflo] ^ojE^, c]a^ 
^ (Decrypt i on) *H , «1 ^SLSj- cflo]B|s ^fl^^Jl ^rf. 

#7] BD-R0M^ 3Me| <3*H1 h] ^sj-^ i3Mb17> 7l^fe- ^-f , 

A oM PIC <8«H*r, a <M ^^7> «£S 7l^-£]^l S^oflSL ^^ZL, 

3 ^HH^, 3,7] ^ ^A], ^A> ^Jil- ^#5>^ ^^-Ir 

^*8* r 7fl 35.3., Ir^^tr 3# ^*H1 -g^Sl' 

t-flolEi 7fl^ W]jL^;^O.S ^l^TT ^sV7fl S]^ CI], 6}Z\ o]o\) 

44*1, #44 ^ ^* #tf*r4 ^^-SAi, # 

-§- ^i3.(BD-R0M)4 ^ js^JE #4^.33 44°14(PIC) °§<$*\] *m 

2\<LS. 71^-Sj^r ^} «o V 4 ^JiL(CPI)^ 7}^ 44^4 4 *b ^I^Ji*. 

<£°\c>\ S.^ 7l^^l 7l^H, 44 «o V 4 ^^7> 71^-S]^ oj^ JL^SL 

S>7l JI^JE #4^34 ^4 #4 ^iL ^^Sc *\}^-*}^ Cfl, ZL -=-^0] 
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ofl ^ ^ &7} 7}^^ o}^E], #71 a-Af ^^.^ 71^ 14^^ ^ 
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<24> + ^ofl 14s. JX^c ^t]A 3i ofl§ T-fl^ *}-g- ^Z]}0] 

3.(BD-R0M)^, £ 3-8: t^S. w>^- ^ , <^ , ^ H^^l 

^ ^Sl^l ^JsL ^ ^^3. ^"71 ^SL vfl 

<?] ^3 ^iL(DI)7> S.^r 71^-^^ °}-2r£], *\]o}b] <3^(Data Zone)*]) <£Jl5}- 7} 
^ A/V r^H^^I ^l<y dH^l* a] c-IHeIs (Decryption)^ 

W ^iL(CPI)7}- i^- 

<25> tb^, -#7} t-flo}El ^^<^1 ^S^*] ^ A/V olio] C-flo]Ei7> 7l 

^-f, ^71 PIC ^^H^t, ^-A> ^ ^i(CPI)7> ti£^ 71^-Sl^l 
, A <M^ PIC <3^H ^Sj^AS 7l^5]7lM- SE^r *1 T 91^ ^\ 

«oM 3^ 7)^- M-^71 W ^^i, <« 1 W>o]H^ 71^-37) 

# wlH(CPI_rec_Flag)# ( ^7] PIC ^^^1 i^- 7]^^ r)+3. ^ 

iL(DI) tJW -f7> 7]^>7ll 

<26> ^.B)J1, A oM^ ^ #2fl^- ti]H^ ( ^"71 PIC ^^Ml 7l^S)^ Cf^^ 

t]^H ^ill: ^, ^"71 ^-A> wj-^j 7l^^l ol^ofl 71^-^ rj+EL ^Ji, 

^]» l-^H ^ ^iL(lst_DlHl 1 7}^EL7}£_ 7l^-€ *r ^4- 

<27> £*V, ^"71 #£flZL J£ 5 ofl W>S»f ^-ol, A o V 7 l ^A> ^) 

7f 71^^ pic ^ °i ^i^i bca tfl^i 71^.^ n, °m S 

22-9 



1020030004488 



t\^3. ^Itofl itr^ t^S) <*|-fr *8 ^ (Reserved) ^ 7l^?Jo]l 1 4°lB 

SE^r ZL o}^ 7)^3.7} S. ^-7} 7}^ ^ &tf. 

<28> #7l PIC 71^-51^ ^JfeLSj- 4A> ^if, ^ 5t| 

H *§n3. 7)^5)7]^, 5E^r 31 3z]H ^BfljlL 7l^€ ^ 5fl^ , ^tr 31" 

<q. 3)h ^<>1 ^B 7]^-^ ^ ^ *n, #7l pic 

^ (Encrypt i on) ^Rr cfl o]-g-^ 7] & , # 7 1 PIC ^ 4^- 
^ 7]^- ^7_H1 cfl*fl ^^T^ ^ 7l^-« ^5L 
<29> £ 7^1 S^lfr w}<4 ^-o] ; ^^(11), VDP(Video Disc Play) 

^(12), ZL^JL D/A ^71(13) ^-o) ^ %^)^EL ^*HH^, #7) 

BD-R0M(10)^ PIC <8*H 3.^- 7]^Q c^H. ^iL(DI) # ^} *8r*\ ^J2_£) 7}^■ 

o}^* M-ErtflTr #efln w]H(CPI_rec_Flag)# t^^t}, #7l BD- 

R0M(10)^ BCA ^^ofl Sf- 71^-sl #2flZL ti]H# 3# % v S*r°}, y o v *l ^iL 

TT 3"f. A o V 7l VDP Al^^oflX^, Aj- 7 ] p IC oj^ofl 71^-^ 4*-A> 

^ofl 71^-^ #Jl3J- cflolEil- SflS- g Tfl^SHr r-HojEl ^ ^ 

<31> ^-71 #eflZl H]Eo]l o 1 ^ > ^ ^^.7> 7l^-5l<H SU^l * 
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^3, PIC ^ £^ BCA ^^ofl 71^-5]^ #EflZL ti]E^ j ^a>^o] ^ 

4*V3*1 ^ 7}^ <^1# ^O] <%M. ^Efl^. 71 

4€ *r aZ^ 13 !, °1 ^4", ^^tl All ^-(Authoring) 7l*l*l &J1 

^t+^-S 4^ #C^=I<**r, ^7l ^1- #efl^ tilH7> 71451^ ^711 51 

ZL 7l#^ E4f tf<#*V ^^11t# 7fl^, ^ , Cfl^fl EL^r ^-7> ^ 

°1 7>^ ^oltj.. 

>S-7l^ £0] Ol^^- JT^i fc]ia^ «oM Aj^. ^51^^, 711 

A S ^^3(BD-R0M)21- ^ f^iH^l 3)°}°]*1(PIC) cg^ofl 

U cM ^^.(CPI)7l- 7l^-Sl<H ol^ Al# UJ-EH171 ^l^g^il-, ^"71 

22-11 



1020030004488 



^7} nl 7l^5H -H^£ ft)iHl Ir^Atb H <M ^iL 3# 

^>^^1 ^ &7fl £H ( tH]olEi 7fl>S Jit} A]^>7fl ^« ^ 

&7fl S)£r nfl-o ^--g-t!- ^ °J ^H*}. 
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^-7] a cM 71^. q-E}^^ ^t^i*. <y^^ ^ 71^- 

[3^* 2] 

^-71 ^I^JiUr, #7l ^} ^}L£\ 7l^^l ^cf o-|^ 7l^^Hl 

Hi *« . 

[37* 3] 

*fl 1*41 

WlHS 71^-5] ^ S-^^S. ^ JIllJE t^i32] ^} « 0 VX] 

[^7* 4] 

*11 1*^1 

zl tilBS. 7l^-£)^ ^J-i- ^-^^ ji^S. ^i£l<3] ^-a}. ^-el«J- 
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5] 
6] 

Aj- 7 ] ^rt^^l ^71 4*-A} AiBM^O. JE_ if- 

^^.S *Rr t^liHSl -^A> h 0 V^1 ^iL ^e}^. 

[St 1 * 7] 

^71 ^-71 ^-A> ^ ^iL7> 7l^-5)cH olcfjl #^5^ 3 -f , # 

* ^^.S <^ Jl^£ #^3.^ y oM ^r^«o V ^. 

[St 7 -* 8] 
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^-T, ^7} ^} y o^l ^« ^ ^-#*Rr ?4-§r Sffe 

Jl^S. ^-^^3.51 4a> hV^I ^r^«o v ^. 

9] 
10] 

^71 ^-A> ^ nj 71^ M-^^ ^^^iL7K 71^ 

[^^J- 11] 

^1 ^ *1] 10^ # ^ ^Vofl o^i, 

12] 
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1] 



BD-RE (Blu-ray Rewritable) 




Lead^Out 
Area 



Lead-in Area 



- Guard 1 

— PIC 

— Guard 2 

— Info 2 

— OPC 

— reserved 
I— Info 1 
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15L 2] 



Average 
groove 
center 




36T 



Biphase modulated HFM groove 
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3] 



BD-ROM (Blu-ray ROM) 



Inner area 


Clamping area 


Transition area 




BCA 








protection 
zone 1 








PIC 






Lead-In 


protection 
zone 2 






zone 


INFO 2 


Information 
area 






reserved 


Information 
zone 




INFOI 




Data 
zone 








Lead-Out 
zone 
/ 


INFO 3/4 






Outer 
zone 


protection 
zone 3 


Rim area 
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15L 4] 



5 
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6] 



Dl (Disc Information) 



Byte number 


Contents 


number of bytes 


0 


Disc Information identifier = "Dl" 


2 


2 


Dl format 


1 


3 


Reserved = OOh 


1 


4 


Number of Dl frames in each Dl Block 


1 


5 


Dl Frame sequence number in Dl Block 


1 


6 


Number of Dl bytes in use in this Dl Frame 


1 


7 


Reserved = OOh 


1 


8 to 10 


disc type identifier = "BDO" 




11 


disc size / version 




12 


disc structure 




13 


channel bit length 




14 to 15 


Reserved = all OOh 




16 


BCA descriptor 




17 


maxium transfer rate of application 




18 to 23 


Reserved = all OOh 


6 


24 to 31 


Data zone allocation 


8 


32 to 111 


Reserved = all OOh < > 


13 



CPI_rec_Flag (1Byte) 
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[51 7] 



12 



VDP 
System 



Data Sream 
-> o 



DAC 



o 



11 



User Input 



13 



-> o 



Analog Signal 



10 
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